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This  paper  focuses  on  how  farmers  can  reduce  damaging  behaviour  in  livestock  farming  by  using  robust-
ness  strategies.  We  suggest  focusing  not  only  on breeding  and  improvement  of  early  life,  but also  on
supporting  adaptation  to the environment  by offering  a suitable  housing  environment.  First,  we  describe
the theoretical  background  to  robustness.  Three  different  robustness  strategies  are then  related  to  onevailable online 1 July 2013
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external  and two internal  aspects  of system  vulnerability,  namely,  exposure,  resistance  and  resilience.
Subsequently,  we  investigate  the  extent  to which  robustness  can contribute  to  the  reduction  of  damaging
behaviour.
© 2013 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V.
 All rights reserved.obustness
. Introduction
One of the ways that the livestock sector gets its ‘license to
roduce’ from society is by ensuring optimal animal welfare [1].
n today’s livestock farming, animals are dependent on their care-
ivers for shelter, security, food, drink, health and welfare. It is not
ust about the survival of the animals, but above all about the quality
f their lives. In 1965, Brambell expressed this in terms of ﬁve free-
oms for animals: freedom from thirst, hunger and malnutrition;
reedom from physical and thermal discomfort; freedom from pain,
njury and disease; freedom from fear and distress; and freedom to
ngage in their natural (species speciﬁc) behaviour [2]. In freedoms
–4 the focus is on the absence of negative symptoms of welfare,
hile in the ﬁfth freedom the focus is on positive welfare [3], for
xample, rooting in pigs, grazing in cattle, and scratching and dust-
athing in poultry [1]. These principles are still central in animal
elfare science today. Thus, the vulnerability of animals and their
ependence on human caretakers have become important issues
n livestock farming.
In the past decades European and North American farms have
ecome more ‘industrial’ in character [4]. Following this trend,
utch livestock farmers have kept more and more animals inncreasingly intensive systems. As a consequence, more nega-
ive social interactions can occur between animals that have an
normous impact on animal welfare [5]. In chickens and pigs,
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ttp://dx.doi.org/10.1016/j.njas.2013.05.006behavioural problems like cannibalism and tail-biting occur, which
can spread through the group like an epidemic. Beak trimming in
laying hens and tail docking in pigs are still widely used to man-
age these problems. Such interventions offer no lasting solution and
will eventually be prohibited in the European Union. Because of the
trend to create larger groups and the desire to ban beak trimming
[6] and tail docking, the risks of damaging behaviour will greatly
increase.
As a reaction to these developments, it is not only societal
organisations such as Wakker Dier and the Dutch Society for the
Protection of Animals that have developed campaigns about the
treatment of individual animals in intensive farming in general, and
in favour of the reduction of damaging behaviour in particular [7].
Farmers’ organisations also are willing to take measures to improve
the welfare of their animals and, in cooperation with knowledge
institutes, are looking for an alternative approach, focusing on
robustness, that will yield the best possible welfare [8]. In this paper
robustness refers to the relative vulnerability of a system/animal
in relation to a speciﬁc disturbance. New housing systems, such
as the Roundel system for laying hens, are being designed in such
a manner that they enable animals to co-organize their own  wel-
fare, for example by offering hiding places and choice in climate [9].
Through breeding and rearing practices animals can be bred that
are more resistant to environmental ﬂuctuations or that are able
to recover easily from relatively small disturbances. Does the chal-
lenge to reduce damaging behaviour and to improve animal welfare
require livestock farmers to switch to robustness strategies?
This paper focuses on the question of whether robust live-
stock farming systems can be developed that may reduce damaging
behaviour. First, we brieﬂy describe the theoretical background to
es. Published by Elsevier B.V. All rights reserved.
5 n Journal of Life Sciences 66 (2013) 49– 53
r
t
n
g
t
t
p
a
e
2
e
a
r
o
[
t
i
t
t
t
d
m
i
s
r
g
c
d
T
t
t
s
v
t
o
t
s
c
m
h
d
t
n
a
a
p
n
s
v
t
r
t
r
r
o
s
b
i
t
a
a
Table 1
Robustness states between extremes of vulnerability and ideal images of
invulnerability.
Extremly vulnerable Robustness state Ideal of
invulnerability
Strategy
S is never exempt from
exposure to D
(relational)
S is exempt from
exposure to D in
specially designed
and controlled
environments
S is always
exempt from
exposure to D
(relational)
Avoid
S  never has enough
resistance to resist
any exposure to D
without damage
S has sufﬁcient
resistance to
exposure to D
within a ‘normal
range’ to withstand
without loss of
structure and/or
functionality
S always has
enough
resistance to
resist
unlimited
exposure to D
without
damage
Resist
S  has never been
sufﬁciently resilient
to recover from the
damage caused by
exposure to D
S can restore
within the ‘normal
bandwidth’
inﬂicted
temporarily loss of
structure and/or
S always has
sufﬁcient
resilience to
recover from
the damage
caused by
Recover0 D. de Goede et al. / NJAS - Wageninge
obustness. Three different robustness strategies are then related
o one external and two internal aspects of system vulnerability,
amely, exposure, resistance and resilience. Secondly, we  investi-
ate the extent to which these robustness strategies can contribute
o the reduction of damaging behaviour. We argue that solutions to
hese unwanted side-effects have to be found by considering them
rimarily as features of the animal under consideration, rather than
s relational properties of the animal and the physical- and social
nvironment together.
. Robust animal production
What is robustness and what does it have to offer? In sev-
ral ﬁelds of expertise, including biology [10–12], technology
nd system engineering [13–15] and production economics [16]
obustness plays a role. However, the term is loosely used in vari-
us contexts, making it difﬁcult to give an unambiguous meaning
17]. For example, robustness may  refer to functional reliability in
he case of known and predictable distortions [18] or the capac-
ty to cope with the unexpected [19]. Robustness has been related
o the range of circumstances in which a particular system struc-
ure can maintain itself, as well as to the capacities of a system
o maintain a particular functional efﬁciency within speciﬁed con-
itions. Particularly in the automotive and electronics industries,
ajor successes with ‘robust designing’ have been achieved, aim-
ng at a state where technology, product and process are minimally
ensitive to variation caused by faults [13].
Robustness is not new to agricultural development. In the 1940s,
obust crops were developed with the aim of achieving uniform
rowth to maximise production under varying weather and soil
onditions [20]. Nowadays, robustness is rather related to genetic
iversity, and in livestock farming to animal health and welfare.
hese are, next to food safety, the main features of the social sus-
ainability aspect [21]. Robustness is increasingly seen as a solution
o a variety of (sustainability) issues, such as production under
uboptimal conditions [22], maintaining production potential in
arying conditions [23], strategic decision making in uncertain
imes [24] and the ability to recover after growth retardation or
ther disturbance [25]. A scientiﬁc focus on robustness would fur-
hermore allow us to breed animals that ﬁt in a range of housing
ystems, in order to improve animal health and welfare, without
ompromising animal integrity [5]. Ten Napel, Bianchi and Best-
an  [26] claim that vulnerability to adverse environmental change
as proved to be a drawback of technology-driven intensive pro-
uction. They have suggested that livestock farming systems have
o become more ‘robust’, whereby we need to understand robust-
ess as the ability of a system to return to its original position after
 disturbance. In this way robustness refers to the relative vulner-
bility of a system or animal in relation to a disturbance. In this
aper we follow the suggestion that robustness is a ﬂip side of vul-
erability. We  relate robustness to the relative vulnerability of a
ystem in relation to a disturbance. We  distinguish three aspects of
ulnerability: the exposure of a system to perturbations; the resis-
ance of a system to a disturbance; and the resilience of a system to
ecover after a disturbance. In the case of the exposure of a system
o perturbations, the vulnerability of a system is measured as the
elationship between a system and its environment. Resistance and
esilience are system properties that belong to a system regardless
f the environment in which it is located. Exposure is therefore
een as a relational characteristic, or the ‘external side’ of vulnera-
ility. To treat vulnerability, it is important to understand whether
t is experienced as a relational characteristic or as a system fea-
ure. We  will use the same distinction to distinguish strategies
imed at enhancing relational characteristics and strategies aimed
t enhancing system features.functionality by
exposure to D
exposure to D
In Table 1 (column 1) three extremes are shown, in which sys-
tem (S) in relation to disturbance (D) may  occur. The opposites of
these extremes of vulnerability are ideal images of invulnerability
(column 3).
We  understand robustness strategies as management strate-
gies designed to strengthen a speciﬁc robustness state, a state of
relative invulnerability of a system in relation to exposure to a dis-
turbance. In Table 1, these strategies are referred to as: avoid, resist
and recover, where avoid relates to relational characteristics of the
system, while resist and recover relate to coping capacities of the
system regardless of their environment. These robustness strate-
gies are visible in numerous and very different systems. Think of
the efforts to control and eradicate the prevalence of bovine tuber-
culosis in cattle herds, that ultimately appears to lead to increased
preventive control measure in the systems environment, e.g. bad-
ger removal [27,28]. This is an example of an avoidance strategy,
where the focus is on the relational characteristics of the system and
the robustness of the preventive control system. An example of a
resistance strategy is the attempt to increase the vertical structural
robustness of buildings against for instance earthquakes, where the
focus is on achieving a desired coping capacity of the system even
when the disturbance never occurs. Following the Dutch Occupa-
tional Health and Safety Act (ARBO), animal housing systems should
be designed with a structural robustness of at least 30 minutes (see
e.g. [6]) As an example of a recover strategy, consider the determi-
nation of ﬁshing quotas on the basis of demonstrated resilience
of ﬁsh populations. To sum up: a description of system robust-
ness includes at least a speciﬁcation of the system (animal, housing
system, ﬁsh stock), the disturbance against which robustness is
achieved (bovine tbc, natural disasters, predation) and a strategy,
by which robustness is achieved (avoid, resist and recover).
Robustness in livestock farming is often limited to physiologi-
cal, behavioural and immunological qualities [5,23,29–31]. In this
case, robustness is associated with individual animals that are able
to cope with disturbances and to reduce the negative effects of con-
tinued selection for production. From policy documents, in which
robustness is deﬁned as a goal, a clear relationship with animal
welfare and animal health can be discerned [32,33]. What we call
robustness is therefore primarily conceptualised as the inherent
capacity of self-regulation in environments, and to the capacity to
adapt to changing management and ﬂuctuations in hygienic condi-
tions [32,34–36]. In livestock farming, robustness is thus primarily
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onceived as a property of the individual animal, rather than as a
elational property of the animal and its physical and social envi-
onment. The latter would require control of the physical and social
nvironment in which the animals are kept. Robustness strategies
ather focus on strengthening the capacity of the individual animal
o deal with disturbances.
. Robustness strategies to reduce damaging behaviour
In recent years, the damaging behaviour of production animals
as been one of the major concerns in animal welfare debates [5].
igs biting one another’s tails and chickens pecking one another’s
eathers are the best known examples of animal welfare issues
hat have emerged in these debates. These issues can be con-
idered as characteristics of the current production system or as
eatures of the animal subsystem, leading to different robustness
pproaches. From the perspective of robustness, different manage-
ent measures are conceivable to reduce damaging behaviour. For
xample, the trimming of beaks in chickens and tail docking in pigs
s an attempt to control the relational characteristics of the ani-
al  and its housing system together, a robustness strategy aimed
t avoiding exposure rather than strengthening a capacity to cope.
owever, these measures are seen in both the public and the scien-
iﬁc debate as inhumane [37,38]. Moreover, the potential beneﬁts of
anning–other than enhanced animal welfare–of these measures,
or example with respect to labour conditions and attractiveness
f employment in animal production, are as yet underexposed.
e  conclude that controlling the relational characteristics of the
nimal and the physical and social environment together is a prob-
ematic robustness conception to reduce damaging behaviour in
ivestock systems. Are robustness strategies based on the robust-
ess conception of the individual animal a better alternative?
e discuss three examples of alternative robustness strategies to
educe damaging behaviour: early-life conditions, rearing condi-
ions and breeding.
Early-life conditions play an important role in the behavioural
evelopment of many farm animals. Inﬂuences have already begun
efore the animal is born or hatches from the egg. In pigs, a stressful
reatment of sows during gestation leads to changes in behaviour,
hysiology and pain sensitivity among their piglets [39]. Similar
esults were found in chickens: when stressed, hens change the
ormone composition of their eggs and chicks become more fearful,
ess competitive and smaller [40]. Reducing stress in the parents
an thus positively inﬂuence the behaviour of the offspring. The
nvironment in which animals grow up also plays a crucial role in
he development of behaviour [32].
In current livestock farming, we barely take the inﬂuence of rear-
ng conditions on the development of damaging behaviour into
ccount and focus on ‘trouble-shooting’ later in the production
ycle, for instance by dimming the light in case of problems with
eather pecking during the laying period [41–43]. Chicks are reared
ithout a mother and usually also with a limited amount of, or even
ithout, litter, while we know that both factors enhance the risk
f feather pecking. Farrowing pens for pigs are usually too small
or optimal development of social behaviour and for the oppor-
unity to forage together with the mother [44]. Piglets of a sow
hat is loose-housed during lactation, instead of being conﬁned in
 farrowing crate, exhibit less damaging behaviour after weaning
nd show more play behaviour [45]. Furthermore, more freedom
f movement for the sow has a positive effect on the development
f the piglets’ foraging behaviour [46]. To avoid problems caused
y damaging behaviour, we must keep the animals in an environ-
ent that meets their needs, both during early and later life. This
lso applies to parents and grandparents, because stress in thesenal of Life Sciences 66 (2013) 49– 53 51
animals inﬂuences the behavioural development of their offspring
[47].
The incidence of damaging behaviour is not determined by the
rearing conditions only, but is also partly heritable. Breeding for
high productivity has, however, also contributed to the emergence
of health and welfare problems in farm animals, including tail biting
[48,49]. Results in the past have been achieved mainly by genetic
selection on the performance of individual animals, whereas it is
now becoming increasingly clear that the production, health and
welfare of pigs and chickens are strongly inﬂuenced by interactions
with other animals in their group. Selection on individual perfor-
mance (as related to production properties) is therefore unsuitable
to solve problems caused by interactions between animals, and can
even lead to an increase in competition and damaging behaviour.
This has become evident from a selection experiment aimed at
increasing body weight in quail. Two  methods were compared in
this experiment: one focusing on individual growth and one focus-
ing on group growth. After 25 generations of selection, it was found
that the method focusing on group growth was indeed successful in
meeting the aim of increased growth. However, in the individually
selected birds selection for increased growth resulted in an average
weight loss and a sharp increase in mortality from aggression and
cannibalism (24% mortality compared to 6% in the starting popula-
tion) [50]. This extreme example illustrates that classical breeding
in animals living in groups is not necessarily optimal for the whole
group, and may  even lead to deterioration of the productivity and
welfare of the group. Does this mean that we  should use breed-
ing directly aimed at behavioural properties to reduce damaging
behaviour? In practice this is difﬁcult, because it requires extensive
measurements of behaviour, which are time consuming and costly.
Breeding directly aimed at behavioural properties is therefore rare
in practice. New breeding methods have been developed that take
the effects that animals have on one another into account. These
methods enable the mapping of social genetic effects, that is to say,
the genetic inﬂuence of animals on the properties of other animals
in their group [50]. Taking into account these social genetic effects
in breeding may  lead to the selection of different animals, that are
not necessarily the fastest growing or highest producing individ-
uals, but that have a positive effect on the performance of the group
as a whole. This is a major advance, because these methods do not
require the registration of animal behaviour on a large scale. So, as
opposed to breeding focused on behaviour, this method is applied
in practice with a realistic deployment of resources. The ﬁrst results
suggest that these social effects can be substantial. For example, fat-
tening pigs appear to have a heritable effect on the growth and feed
intake of their pen mates [51]. Similar effects have been found for
mortality from cannibalism in laying hens, where the heritability
for survival during the laying period rises by more than 50% because
of these social genetic effects [52]. These results clearly show that
social genetic effects are important in breeding programs. Recently,
a selection experiment started with laying hens that were not beak
trimmed, aimed at reducing mortality by feather pecking and can-
nibalism, and using the social genetic effects on survival of pen
mates. This selection method immediately yielded a signiﬁcant
improvement in survival during the laying period, from 70 to 80%
in the ﬁrst generation, and also caused behavioural and physio-
logical changes. In the second and third generations, the effect
on survival was less clear, possibly due to low selection intensity.
This is currently being investigated further. In the second gener-
ation it was revealed that the hens from the selection line were
less fearful and sensitive to stress than hens from the control line
and also showed less cannibalism [53]. In addition, changes were
found in the serotonergic system [53], which plays an important
role in dealing with fear and stress, and with pecking motivation.
These results show that selection that takes social genetic effects
into account is a useful method to reduce undesirable behaviours
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ithin groups and to reduce mortality in group-housed animals
54].
. Conclusion
The breeding of more social animals provides new opportunities
or simultaneous improvement of the productivity and the welfare
f group-housed animals. It also assumes that breeding criteria
hould be adjusted, but the solutions to these trade-offs are not
nequivocal. This applies in particular to the question of whether
reeding criteria ought to be sought in adjustment to speciﬁc cir-
umstances (specialisation), or just the ability to adapt to changing
ircumstances (a more general approach). Kanis et al. [35] argue
hat animal welfare is related to the maintenance requirement in a
peciﬁc environment and conclude on that basis that animal wel-
are should be improved by selection for low maintenance needs.
n moral grounds, Star et al. [5] have recently advocated imple-
enting robustness as a breeding goal for both animal health and
nimal welfare reasons. Both of these reasons are linked to the
bility of animals to function optimally in a range of production sys-
ems and the changing conditions within these systems. However,
he ability to adapt to changing conditions is not only genetically
etermined. For instance, early-life experiences can also increase
n animal’s capacity to adapt in later in life and make a positive
ontribution to the strengthening of robustness [55]. The adapt-
bility of animals is also partly determined by the organisation of
he environment in which they are reared and therefore can be
upported by optimising the social and physical environment of
he farming system. In practice, this means, for example, the provi-
ion of materials for nest building/insulation and creating cooling
ptions.
The robustness approach aimed at the animal level does not use
he avoidance strategy, but tries to bring about changes and chal-
enges in a social environment. Thus, in the coming years, the social
reeding strategy in pigs will be further developed by research on
he behaviour, welfare and productivity of pigs that differ in their
ocial genetic effects on the growth of pen mates. The behaviour of
hese pigs will be studied in both standard and enriched housing.
e  expect this selection method in pigs to improve–in addition
o growth at group level–the social functioning and welfare of the
roup.
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